Binding of simian virus 40 (SV40) large T antigen to human and calf thymus topoisomerase I (topo I) was readily detected by using modified enzyme-linked immunosorbent assays and immunoblots. In addition to WT T antigen, binding could also be readily demonstrated with T antigen fragments from the amino-terminal region as well as with fragments missing this region, but much less so with small t antigen or with human p53. Antibody-blocking experiments showed that a monoclonal antibody that binds to the N-terminal region and several antibodies that recognize the central region of T antigen interfere with the binding to topo I. Our data are consistent with the existence of two separate topo I-binding regions in T antigen, one mapping within residues 82 to 246 and an apparently weaker one present after residue 246. By comparing the binding of T antigen to topo I with that of T antigen to DNA polymerase a or RPA, a single-stranded DNA-binding protein, it was determined that the T antigen-topo I interaction is much stronger and that the binding sites for topo I and DNA polymerase overlap, whereas the one for RPA differs. Several unwinding-defective mutants of T antigen were partially defective in their binding to topo I, suggesting that the binding to topo I is required for unwinding circular DNA. Finally, immunoprecipitation experiments demonstrated that T antigen can interact with DNA-bound topo I, indicating that such an interaction may take place during SV40 DNA replication. ᭧
INTRODUCTION
of DNA replication (Dornreiter et al., , 1993 Collins et al., 1993) . Likewise, the interactions between RPA and The simian virus 40 (SV40) large tumor (T) antigen T antigen ; Melendy and Stillman, is required for the initiation of SV40 DNA replication in 1993) and RPA and the p48 subunit of DNA polymerase infected monkey cells (Tegtmeyer, 1972) . Various T antia-primase complex ; Nasheuer et gen activities are required for this reaction to proceed.
al., 1992) may be important for the stimulation of SV40 First, T antigen binds to the pentanucleotide sequences DNA unwinding and subsequent replication (Kenny et al., at the SV40 origin (Myers and Tjian, 1980; Shortle and 1990; Stillman et al., 1992) . Perhaps using its intrinsic Nathans, 1979a,b) . In the presence of ATP, T antigen helicase activity (Wessel et al., 1992) , T antigen then forms a double hexamer (Mastrangelo et al., 1989) that unwinds the origin in association with these cellular procovers a 64-bp region known as the core origin of DNA teins (Goetz et al., 1988; Wold et al., 1987; Wiekowski et replication (Deb et al., 1987) . The protein then induces a al., 1988) . The primase initiates replication by synthesizstructural change in the DNA. The imperfect palindrome ing short RNA primers and DNA pol a extends the primon one (early) side of the pentanucleotides is partially ers with DNA (Bullock et al., 1991; Denis and Bullock, melted (Borowiec and Hurwitz, 1988; Borowiec et al., 1993; Waga and Stillman, 1994; Kamakaka et al., 1994) . 1991; Roberts, 1989) and the AT-rich tract on the other There is a polymerase switching event where DNA poly-(late) side is untwisted (Borowiec and Hurwitz, 1988;  merase d takes over to synthesize the body of the new Dean and Hurwitz, 1991) . At this point, it is believed that DNA (Tsurimoto and Stillman, 1991a; Tsurimoto et al., cellular proteins are recruited to the origin to help unwind 1990; Waga and Stillman, 1994) . the DNA and to begin the replication process. RPA, a Subsequent steps in viral DNA replication are less well single-stranded DNA-binding protein, and DNA polymerunderstood. In addition to RPA, DNA pol a-primase, and ase a-primase are attracted to the origin, forming a pri-DNA polymerase d, other cellular proteins including mosome (Collins and Kelly, 1991; Melendy and Stillman, PCNA, RFC, DNA helicases, DNA topoisomerases (Tsuri-1993) . T antigen binds to DNA polymerase a directly and moto and Stillman, 1991b; Ishimi et al., 1991;  Fien and this association appears to be required for the initiation , and possibly DNA polymerase e (Melendy and Stillman, 1991; Zahradka, 1992) are required for efficient DNA replication. Many of these proteins, in-T antigen's role in the elongation reaction is not clear, single point mutants were purified using antibody PAb419 (Harlow et al., 1981) or PAb101 (Gurney et al., although it may be present at replication forks functioning as a helicase (Scheffner et al., 1989) . It has also been 1980). Deletion mutants 1-627 and 1-246 were purified using PAb419, whereas 131-708 and 246-708 were purisuggested that complexes of T antigen and DNA polymerase a-primase are required for lagging strand synfied using PAb101. In all cases, the protein was eluted from immunoaffinity beads with triethylamine buffer at a thesis throughout the genome (Melendy and Stillman, 1991; Collins and Kelly, 1991; Denis and Bullock, 1993) .
pH of 10.6, quickly neutralized with 0.5 M PIPES, pH 6.7 (Simanis and , and dialyzed against a solution In this communication, we report that T antigen interacts specifically with bovine and human topoisomerase containing 0.01 M Tris (pH 8.0), 0.1 M NaCl, 0.001 M EDTA, 0.001 M dithiothreitol, and 50% glycerol and stored I. We provide evidence that two separate regions of T antigen have the ability to bind to topo I and show that at 020Њ. Protein concentrations were estimated by AgNO 3 staining of acrylamide gels using phosphorylase the binding of these two proteins can take place on DNA. Furthermore, we report that mutants unable to unwind B as a standard. circular DNA are partially defective in their association with topo I, suggesting that this interaction may be imPurification of calf thymus and human topoisomerase I portant for the proper unwinding of viral DNA at replication forks.
Calf thymus topoisomerase I was purified from whole calf thymuses according to Melendy and Stillman (1993) .
MATERIALS AND METHODS
Briefly, crude nuclei were extracted with high salt in the presence of 0.01% Nonidet-P40. The topo I was then Recombinant baculoviruses purified by ammonium sulfate fractionation, followed by chromatography on Affigel Blue (Bio-Rad), hydroxylapa-A recombinant baculovirus expressing wild-type T antigen was obtained from R. E. Lanford (1988) . Baculovitite, and finally phosphocellulose columns. The protein was dialyzed in 0.02 M Tris-HCl, pH 7.5, 0.0001 M EDTA, ruses expressing T antigen mutants with single amino acid substitutions have been previously described (Sim-50% glycerol, 0.01% Nonidet-P40, 0.0001 M phenylmethylsulfonyl fluoride, 0.001 M dithiothreitol, and 0.025 M NaCl mons et al., 1993; . Recombinants expressing truncated T antigen proteins were generated and stored at 020Њ. Human topoisomerase I was a kind gift from Lance by first amplifying the appropriate region of SV40 T antigen cDNA by PCR. The amplified DNA was cloned into Stewart and James Champoux (University of Washington, p941 or p1393 (Stratagene) and checked for proper orienSeattle). It was purified from Sf9 cells infected with retation. The resulting plasmid was transfected into insect combinant topo I-expressing baculovirus as described Sf9 cells along with linearized BaculoGold DNA (Stra- (Stewart et al., 1996) . Briefly, isolated cell nuclei were tagene) according to the manufacturer's directions. After lysed in 1 M NaCl and the solution was slowly adjusted 5-7 days, virus in the medium was subjected to a plaque to a polyethylene glycol 8000 concentration of 6%. After assay; individual plaques were picked and screened for centrifugation, the proteins remaining in solution were T antigen expression by immunofluorescence. A recomdialyzed against a KCl solution and subjected to chromabinant expressing wild-type human topoisomerase I was tography on phosphocellulose (Whatmann P-11). The generated by Stewart et al. (1996) by cloning the cDNA topo I eluate was then sequentially purified on phenyl (D' Arpa et al., 1988) into pBluebac transfer vector from Sepharose, Mono S, and Mono Q (all from Pharmacia) Invitrogen Corporation. The resulting plasmid was transcolumns, in that order. The Mono Q flowthrough, which fected into Sf9 cells along with linearized baculovirus contained the topo I, was dialyzed against 0.01 M Tris DNA and, after several days, the medium was subjected (pH 7.5), 0.001 M EDTA, 0.001 M dithiothreitol, and 50% to a plaque assay in the presence of X-gal (5-bromo-4-glycerol and stored at 020Њ. Protein concentrations were chloro-3-indoyl-D-galactoside). Blue plaques were sedetermined with Bio-Rad protein assay reagents using lected and recombinants were subjected to several BSA as a standard. rounds of plaque purification until occlusion body-positive cells were no longer visible. Expression of full-length Purification of RPA and DNA polymerase topo I was determined by SDS gel electrophoresis followed by immunoblotting.
RPA was purified according to the method described by Brill and Stillman (1989) . Fraction I (Prelich et al., 1987) Purification of T antigen was used as the source of RPA in this work. DNA polymerase a/primase complex was purified according to Wild-type and mutant T antigens were purified by im- Murakami et al. (1986) as modified by Tsurimoto and munoaffinity chromatography using appropriate mono- Stillman (1989) . These proteins were at least 90% pure clonal antibodies according to the procedure described by Simanis and Lane (1985) . Wild-type T antigen and all as determined by silver staining of acrylamide gels.
Purification of small t antigen tivity with a specific antibody. Purified proteins to be bound to microtiter wells were diluted directly from stock SV40 small t antigen was purified from expressing solutions containing 10-50% glycerol into 50 ml of filtered Escherichia coli cells as described (Goswanmi et al., PBS (important: diluted stock solutions were not made 1992). The small t antigen was a kind gift from Dr. Kathfirst). After 2 hr, wells were washed with PBS and then leen Rundell.
blocked with 300 ml of PBS containing 1% gelatin for 1 hr. Wells were washed again with PBS and 50 ml of a Purification of p53 solution containing various amounts of the second protein diluted in buffer 1 (PBS containing 0.05% Tween 20 Human p53 was purified by immunoaffinity chromatogand 0.1% BSA) was added and incubation was continued raphy as previously described (Oberosler et al., 1993) , for 2 hr. After washing with PBS containing 0.05% Tween using antibody PAb421 (Harlow et al., 1981) .
20 (PBS-Tween), 100 ml of a biotin-conjugated antibody Purification of monoclonal antibodies to the second protein (300 ng in buffer 1) was added for 2 hr. The wells were washed with PBS-Tween, and 50 About 200 ml of hybridoma supernatant was passed ml of streptavidin-conjugated horseradish peroxidase over a 1.5-ml column of protein A agarose (Pharmacia) (Sigma), diluted 1:5000 in PBS containing 3% BSA, was overnight at 4Њ with recirculation. The beads were added for 1 hr. After another wash, 100 ml of a substrate washed with PBS until the A 280 went to 0. IgG 2a was solution [0.4 mg/ml OPD (ortho-phenylenediamine, eluted with 0.1 M citric acid, pH 4.5. IgG 2b was eluted with Sigma) in 0.05 M citric acid, 0.1 M Na 2 HPO 4 , pH 5.3, the same buffer at pH 3.0. The eluates were collected in containing 1 ml of H 2 O 2 /mg of OPD] was added and the tubes that contained 1/20 volume of 2 M Tris-base (pH reaction was allowed to proceed for 10 to 20 min. In was not adjusted) to neutralize the samples. The IgG some cases, optical density was immediately read at peak was determined by absorbance at 280 nm and frac-450 nm in a Dynatech plate reader, but in most cases, tions were pooled and dialyzed for several days versus absorbance was measured at 490 nm after the reaction PBS at 4Њ. Protein concentrations were determined by was stopped by the addition of 50 ml of 2.5 M H 2 SO 4 . absorbance at 280 nm (1.5 OD is 1 mg/ml).
In some experiments, T antigen, as the second protein, was first incubated for 2 hr with various amounts of puriBiotinylation of IgG fied monoclonal antibodies or topo I in a solution of buffer 1, before being transferred to microtiter wells containing One milligram of purified IgG in 1.79 ml of PBS was bound topo I. In other experiments, T antigen was admixed with 358 ml of 1 M Na 2 CO 3 /NaHCO 3 buffer, pH 9.5. sorbed to the wells first and various amounts of topo I With continuous mixing, 117 ml of biotin X-NHS (Sigma) (in buffer 1) were added. Binding of topo I to T antigen (at 5 mg/ml in dimethylformamide) was slowly added was measured by incubation with immunoaffinity-purified and the solution incubated overnight at 4Њ with constant rabbit anti-topo I IgG (4 ng in 100 ml of buffer 1) followed agitation. The biotinylated IgG was dialyzed against six with goat anti-rabbit IgG conjugated with horseradish changes of Tris-buffered saline at 4Њ. peroxidase (Sigma). Enzyme reactions were carried out Antiserum as described above.
Immunoaffinity-purified polyclonal anti-topo I IgG was a Immunoblotting king gift from Lance Stewart and James Champoux. It was One microgram of purified topo I was subjected to raised in a rabbit that had been injected with purified recomelectrophoresis through a 10% acrylamide gel and elecbinant topo I. The antibody was purified on Affi-10 agarose trophoretically transferred to a nitrocellulose membrane beads (Bio-Rad) to which topo I had been conjugated. The (Bio-Rad). Purified T antigen or T antigen fragments (1 affinity beads were washed extensively with 0.1 M Tris, pH mg/ml) were incubated with membrane strips and their 8.0, followed by 0.01 M Tris, pH 8.0, and the IgG was eluted binding was detected by incubation with a biotinylated with 0.1 M glycine, pH 3.0. The eluate was neutralized with anti-T antibody (6 mg/ml) followed with streptavidin-conthe addition of one-tenth volume of 1 M Tris, pH 8.0, and jugated horseradish peroxidase. All steps followed the dialyzed against 50% glycerol in phosphate-buffered saline conditions recommended by the manufacturer of the ECL and then stored at 020Њ.
Western detection kit (Amersham).
Enzyme-Linked Immunosorbent Assays (ELISAs)
Binding of T antigen to topo I on DNA All steps were carried out at room temperature with constant shaking on a rotary shaker. The general stratPurified topo I (200 ng) was incubated with 3 ng of a 32 P-end-labeled 160-bp HindIII to PvuII fragment of egy was to allow one protein to bind to the surface of microtiter wells, incubate it with a second protein, and pSK(0) (Stratagene) in the presence of 50 ml SV40 DNA replication buffer ). After 30 min at then measure the binding of the second protein by reac-to 100 ng of the second protein. The slope of the curve shown in Fig. 1A , which measures the association of T antigen to bound topo I, was similar to what we observe for antibody-antigen binding (not shown). Similar results were obtained with purified calf thymus topo I ( Fig. 2A) , and no apparent differences in binding were noticed between human and calf thymus topo I. Control reactions with all components except for topo I (0topo I curve in Fig. 1A ) or without T antigen (0 point of /topo I curve in Fig. 1A) showed that the background is low in this system. In all subsequent graphs, the background is subtracted in order to show only the binding signal. first 82 amino acids with large T antigen, did not bind well, except at high concentrations (Fig. 2B ). However, a low level of functionally important interaction between small t antigen 37Њ, 3 mg of unlabeled calf thymus DNA was added, and topoisomerase I cannot be excluded. An unrelated profollowed by various amounts of T antigen. After 30 min tein (human p53) also did not bind (Fig. 2B ). at 37Њ, PAb419 was added for 1 hr at room temperature,
To test the effect of N-terminal deletions on the ability of followed by a suspension of Staphylococcus aureus.
T antigen to bind to topo I, we constructed mutants missing After 30 min at 0Њ, the bacteria were washed with DNA the first 130 or 245 amino acids. Both of these proteins bound wash buffer and the radioactivity well (Fig. 2C) , although the binding of the 246-708 fragment in each tube was determined by scintillation counting.
was reduced slightly. These data point to the existence of RESULTS two binding regions, one located in the first 246 amino acids, the other located in the remainder of the molecule. Binding of large T antigen and topo I Blocking T antigen:topo I binding with monoclonal To determine if SV40 large T antigen and topoisomerantibodies ase I have the ability to interact with one another, we set up an ELISA with purified human topo I and large T In order to obtain additional mapping information about the T antigen sites that bind to topo I, various antigen isolated from insect cells infected with recombinant baculoviruses. Both of these protein preparations monoclonal antibodies were used as specific inhibitors of the binding reaction. Topo I was first adsorbed onto were judged to be at least 90% pure by silver staining of acrylamide gels (not shown). A fixed amount of topo I the surface of microtiter plates and then reacted with WT T antigen that had been previously incubated with (Fig. 1A) or T antigen (Fig. 1B) was first adsorbed on the surface of a microtiter plate and incubated with increasincreasing amounts of various purified monoclonal antibodies. The binding epitopes of these antibodies and ing amounts (0 to 200 ng) of T antigen or topo I, respectively. When topo I was first attached to the wells, comtheir effects on the T:topo I binding reaction are shown in Table 1 . An antibody (PAb419) that reacts with an plexes were detected by incubation with a biotinylated anti-T monoclonal antibody (PAb419 or PAb101), followed epitope within the first 82 amino acids of large T antigen does not inhibit the binding reaction (Fig. 3A) , in agreewith streptavidin-conjugated horseradish peroxidase and finally with peroxidase substrate. When T antigen was ment with the observation that small t antigen does not bind well. Two antibodies that recognize different deterfirst bound to the wells, complex formation was detected with rabbit anti-topo I IgG followed with peroxidase-conminants (Table 1) in the central region of the molecule (PAb114 and PAb204) also do not inhibit (Fig. 3A) . Howjugated mouse anti-rabbit IgG and then substrate. The association of these two proteins can readily be detected ever, an antibody (PAb416) that binds to residues 82 to 115 and several other antibodies (PAb413, PAb402, even at very small (2-5 ng) levels of T antigen (Fig. 1A) or topo I (Fig. 1B) and binding is saturated at about 50 PAb420, and PAb205) that react with a segment between residues 333 and 451 inhibit the binding reaction to varifragment containing the first 246 amino acids (Fig. 4 , lane 3) and C-terminal fragments consisting of residues 131-ous extents (Fig. 3B ). These data are therefore consistent with the existence of two separate regions on large T 708 or 246-708 (Fig. 4 , lanes 6 and 7) clearly bound to topo I. As detected in ELISAs (Fig. 2C) , the binding of 246-antigen that can independently bind to topo I. One region is located in the NH 2 -terminal 246 amino acids, but prob-708 (Fig. 4 , lane 7) was somewhat reduced compared to WT (Fig. 4 , lane 5). Control reactions with human p53 ably excludes the first 82 amino acids; the second lies somewhere between residues 246 and 708 and probably and SV40 small t antigen showed very little if any activity (not shown). includes a sequence within residues 333-451.
Comparison of the binding of T antigen to topo I with
Immunoblotting that of T antigen to DNA polymerase a and RPA As another demonstration of the binding between T Several reports have demonstrated an interaction beantigen and topo I, we performed an immunoblotting extween SV40 large T antigen and DNA polymerase a periment. Topo I was subjected to electrophoresis on an acrylamide gel and blotted onto nitrocellulose sheets. Strips were incubated with WT T antigen or various T antigen fragments (Fig. 4) and bound T antigen was detected by incubation with biotinylated PAb101 or PAb419. As observed in the ELISA reactions, both an N-terminal (Gurney et al., 1986 ) 0 WT T antigen to topo I. 100 ng of calf thymus topo I was adsorbed to (Harlow et al., 1981;  microtiter wells. To each well was added 100 ng of WT T antigen that PAb402 333-451 Lane and Gannon, 1986 ) / had been preincubated with 0 to 1 mg of various purified monoclonal (Harlow et al., 1981;  antibodies to T antigen (in A, PAb114 ᭝, PAb204 ᭺, PAb419 ᮀ, and PAb413 333-451 Lane and Gannon, 1986 ) / in B, PAb413 छ, PAb402 ᭝, PAb416 ᭺, PAb420 , PAb205 ᮀ). Com- (Harlow et al., 1981;  plexes were detected with biotinylated PAb101. mutants are normal in binding to topo I (not shown). The mutants in class 4 (e.g., 213QH, 215LV, and 216CS) retain the ability to oligomerize, to bind origin and nonorigin DNA, and to unwind an origin-containing DNA fragment, but are unable to unwind an origin-containing circular DNA plasmid in the presence of RPA and topoisomerase I (form U unwinding assay) (Wun-Kim et al., FIG. 4 . Immunoblotting. Human topo I was applied to a denaturing acrylamide gel, transferred to a nitrocellulose membrane, and incu-1993). Since T antigen binds to RPA (Dornreiter et al., bated with buffer alone (lanes 1 and 4) , WT T antigen (lanes 2 and 5), 1992; Melendy and Stillman, 1993) and is now known 1-246 (lane 3), 131-708 (lane 6), or 246-708 (lane 7). Binding was deto bind to topoisomerase I (this report), one explanation tected with biotinylated PAb419 (lanes 1-3) or PAb101 (lanes 4-7) for their inability to carry out the form U unwinding followed with streptavidin-conjugated horseradish peroxidase and ECL assay is a failure to properly bind to one of these cellu-(Amersham) substrate. The membrane was exposed to X-ray film for 15 sec. lar proteins. The binding of these mutants to RPA was tested and found to be normal (data not shown). However, a defect was detected in the binding to topo I (Smale and Tjian, 1986; Gough et al., 1988; Dornreiter (Fig. 6) . At saturation, the topo I bound significantly less et Collins et al., 1993) and T antigen and RPA mutant T antigens than WT. This experiment suggests Collins et al., 1993; that the interaction between these two proteins is and . It was of interest to determine the needed for unwinding circular DNA and that these murelationship between the interaction of T antigen to tants are defective in this activity. topo I and those between T antigen and the other two cellular proteins. ELISAs were performed to compare the binding of T antigen to adsorbed topo I with that of T antigen to adsorbed DNA polymerase (Fig. 5A) or RPA (Fig. 5B) . At equal molar amounts of these various highly purified cellular proteins attached to the plates, the binding of T antigen to topo I appeared to be much stronger than its binding to DNA polymerase or RPA. To determine if the binding sites for these proteins on T antigen were distinct, or if they overlapped, a competition experiment was performed (Fig. 5C) . Adsorbed RPA or DNA polymerase was reacted with large T antigen that had been previously incubated with increasing amounts of purified topo I. Topo I was a very effective competitor of the binding of T antigen to DNA polymerase (Fig. 5C ) but a rather poor competitor of T antigen binding to RPA. This suggests that the binding sites on T antigen for topo I and DNA polymerase are identical or that they overlap, whereas the binding site for RPA is mostly different.
Binding of T antigen mutants to topo I
We have previously generated a large collection of SV40 T antigen mutants with single-point substitution mutations in the DNA-binding domain (Simmons et al., 1990a,b) . Many of these mutants are unable to support nonspecifically to DNA (Simmons et al., 1993) . These detect DNA-protein complexes (C. Wu and D. T. Simmons, unpublished). Our data, therefore, demonstrate that T antigen and topo I can interact on DNA.
DISCUSSION
The binding between SV40 large T antigen and human or calf thymus topo I appears to be very strong since it was easily detected with small amounts of protein in ELISAs and immunoblot assays. Binding was normal or nearly normal with various N-terminal and C-terminal deletion mutants of large T antigen but occurred much less readily with small t antigen or with p53. These data lead us to conclude that topo I binds to two discrete regions of large T antigen. Antibody blocking experiments sup- interfered with the formation of WT T-topo I complexes (Table 1 ). This second region appears to be a weaker binding site for topo I based on ELISA (Fig. 2C) and Interaction of T antigen with topo I bound to DNA immunoblotting (Fig. 4 ) results with fragment 246-708. If T antigen and topo I interact with each other at By comparing the binding of T antigen to topo I with replication forks, they should be able to bind together the binding to RPA and DNA polymerase a, it was deterwhen one of them is bound to DNA. To test this, purified mined that the binding to topo I is significantly stronger. topo I was first incubated with a labeled plasmid DNA Competition experiments with RPA and DNA polymerase fragment under the buffer conditions used for SV40 DNA allowed us to deduce that the binding sites on T antigen replication . A 1000-fold mass exfor topo I and DNA polymerase overlap or interfere with cess of unlabeled calf thymus DNA was then added, one another, whereas the binding site for RPA is different. followed by a second incubation in the presence of inThis suggests that any one molecule of T antigen might creasing amounts of WT T antigen. Complexes conbe able to interact simultaneously with RPA and topo I taining labeled DNA were then immunoprecipitated with or RPA and DNA polymerase but not with topo I and DNA an anti-T antibody, and the amount of labeled DNA prepolymerase. cipitated was determined by scintillation counting (Fig. The observation that two different regions of T antigen 7). Plasmid DNA was used in this experiment, instead of origin-containing DNA, to minimize the binding of T antigen to the labeled DNA. This binding was further inhibited by adding unlabeled calf thymus DNA as a competitor in the second incubation. In the absence of topo I, T antigen did not bind appreciable amounts of labeled DNA in the presence of the competitor DNA (Fig. 7) , indicating that, under these conditions, there is very little direct binding of T antigen to the labeled plasmid DNA fragment. When topo I was first bound to DNA, much larger amounts of labeled DNA were precipitated after WT T antigen was added. This amount corresponded to approximately 75% of the total amount of labeled DNA precipitable with anti-topo I antibodies, demonstrating that most topo I-DNA complexes were also associated with T antigen. The precipitation of the labeled DNA in the presence of topo I and T antigen appears, therefore, to have also been duplicated by using a gel-shift assay to have similar activities is apparently not limited to topo from cellular topo I in that it responds differently to salt concentrations. The relationship between this activity binding. The interaction of T antigen to DNA polymerase a may be very similar to the situation with topo I, in that and any cellular topo I that may remain bound to T antigen after purification is not known. both an NH 2 -terminal fragment of T antigen (Dornreiter et al., 1990 ) and a more central region of the protein In summary, an association between T antigen and topo I was detected by ELISAs and immunoblots. Two (Gannon and Lane, 1987) bind independently. Second, both the amino-terminal 147 amino acids of T antigen discrete regions of T antigen have the ability to bind separately to topo I. This association can take place on (Sompayrac and Danna, 1991; Cavender et al., 1995) and a fragment containing the remainder of the molecule (Ca-DNA and may be important during the unwinding of circular DNA at replication forks. vender et al., 1995) can independently immortalize cells in the presence of activated ras oncogene. Third, although the transactivation domain of T antigen has been ACKNOWLEDGMENTS mapped to the NH 2 -terminal end (Srinivasan et al., 1989;  This work was supported by PHS Grant CA36118 from the National Zhu et al., 1991) , deletion mutants lacking that region still Cancer Institute to D.T.S. and by CA13106 to B.S. We thank Dr. Kathleen exhibit the ability to activate transcription (Gruda et al.,
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